Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB05/001322 
International filing date: 05 April 2005 (05.04.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0407804.4 

Filing date: 06 April 2004 (06.04.2004) 



Date of receipt at the International Bureau: 03 October 2005 (03.10.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




% 



(Mce 



Per |(^6<2toos |oo 1 35a 



INVESTOR m PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to by the 
Comptroller-General. ^ 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
plc, P.L.C. or PLC, ' 



Re-registration under the Companies Act does not constitute a new legal entity but 
subjects the company to certain additional company law rules. 




06-flPR-2004 16 5 05 FROM IP MflLUERH 

^Patents Form 1/77 

Fatettte Act 1977 
(Rule i6) 



Request for grant of a patent 

(S^^ the itffies en ih^ back ofihisjbrm. You c&H tOist^ gef 
itn expiaaa^ry Imjl^fi^fm iheFuimt Omce £q Aefo 
yaufia in mf^m) 



THE PATfeHt OFFICE 
VVlvl 

Q 6 APR 2004 



TQ UK PATENT 



P. 02 




Th<& Patent Office 
Cardiff Road 
GweatNP&lRM 



1. Your Inference 



IP/F7360 



06ftPR04 E886944-1 B02776. 



2, Patent ajp^pKi^tipn iiunibe?r 



0407804.4 



901/71% M(Himm/iA tmmi urn 



6 APR 2004 



3. Full laamfr* address and postcode of liie or of 
. e^^pUcmt (underline ffllsurmimvs) 



PatBDts ADP numbet fifyt^yu htow U) 

If the applicant is a Corpoiate body» give t3ie 

country/state of its mci^irpgratiQn 



4. Title of die inventiion 



QINETEQ mtfETED 

am Gate 

London SWlEfiPD 
United Kbgddni 



GB 



MANUFACTURE OF CADMMM MERCURY TELLURIDE 



5, Name of your agent (ify^u Aav* 

"Address far aedrvic^:" in the United Kingdom 
to wMdi aU caxtespondence should be sent 



Patents ADP numljeir (ifyQu know it) 



6. 



If you az& declariag priority &om one or more 
tiflflf&r patent appbcations, give the coitolry 
and thft date of filing of die or of each of tbese 
carKer applications aad (if you know It) tibe di: 
each application xiuoiber 



If this ft;pfisH0at:ipn is divided ouc otiierMae 
derived from an eaxlier UK application^ 
give the number and tbe £liiig d&te 9f ' 
die edrlier applicatian 



PDAVIES<^tal 

QlNETIQ LIMITED 

JPFomaalities 

A4B[4g 

Cody Tcchnoldgy Park 
Ively Rdad 
Farnborough 

Hants GU14 0LX United Kingdom 



Country Pdority application numbep 



Date of fiixng 
fcfiay / momA /year) 



Nlntib^r or caiiiW applicatiiia 



I>atc of filing 
(iiriy/ month /year) 



S.. 
tf 



Is a statement of inventorslrip amdof riglit 
to ^jrant of a patent required in support of 
this r<Jjquc^? fAfiswer Tes ' if: 

^ any appiicam nasned inp&i-tS hnol^ inventor, or 
h) ih^re is an inventor who is Moi nmired as tm 

c) ^fiy named appIicemS is a oorpQttii& hady. 
note fdJJ 



Patents Form 1/77 



Patents Form 1/77 



.fer,-f:iPR-2004 155 05 FROM IP MRLUERN TO UK PRTENT 

9. Eater the number of sheets for any of ftie 
following itejQis you- are ffling with this frtm 
Do not count 00^$ pf die same document 

CoBfmuatiQfL sh&eit$ of itns focm 0 

Descripiioa 19 

Claim^r; 5 ^ 



Abstiajct 1 



1 0. If you are also filing any of liie followin^g, 
State faow many agaiiast cacli item. 



Fnotily documenta 0 
Translatioxis of ikdodty dociinam^nt? 0 
Statem&nt of tavemcitsHp and right 

Efiqi2fi9t £br {ktttlnniii^ examiaation 1 ✓ 

and seaich fPatenfe Fo^^bi P/?:^ 

Request for substantive: e^cg^lnba-tiQiL 0 
(Patents Fom /€/??) 

Any other documents 0 



11. I / W$ pe:qu«&t the grant c£f a patent on Ac tasis of this application. 

Signature t^^tc 

ItLtO^sisC^ PDaVIES 6.4.04 

12, Name and daytime telcfphone number of Linda Bnicfcshaw 01252 392722 

p^j-^on to contact in tliti United Kingdom 

Warning 

Afier an application Jbr a paimt hu? Jited, the Comptmller r>f the Patent Office wiU consider whether publicaHan 
' or mmmuniniition of the invetiUon should be prohihitsd or reairictsd mder ^^ctiQ?} 22 of Tlie PaseHi^ Act 1971. Yqm 
will be infanmd ^ ix is nec^dry to prohibit or restrict your invention in tkis w^. Furthermore, if you live in the 
United Kingdcmt Section 23 of the Patents Act 1917 jfhp^ you from applying for a patent abroad without fir^t getting 
wriUen permission from th^ Patmt Office unless an application has been fUed al least 6 waeks hejorehand in the 
United Kingdom for a patent of the same tm^nztoH and either nO direction prohih^s ptxhUcation or conmtmication 
ha? been gh^n, or any such direction has been revoked. 

Nntes 

Tf you need help to fiU in this form or have any questions, please contact the Patent Ogice on 0645 500505, . 

b) Write your ffr?^erjr in capital letters wjrm^ black ink or you may type ihem. 

c) If th^e is not enough space for all the relevant details on any part of this form, please contmue on a ^^arate 
shest of paper and write *'see continuation sheet" in .the relevant partfs). Any conttnuation sheet should be atiO£thcd 
10 this fann, 

d) If you have attached 'Yes' Patents Form 7/77 mil need to be filed. 

a) Oni^iei you have filled in the jbrm you must remember to sign artd date it 
f) For details of the f^e and ways to pay please contact the Patent Office. 

Palestts Form 1/77 



^^6-RPR-2004 16.- 07 FROM IP hIRLUERN TO UK PRTENT P 

DUPLICATE- 
1 

Manufacture of Cadmfum Mercury Telluride 

This Invention relates to a method of manuliacture of cadmium mercury tellurlde, 
especlafly to a method of forming cadmium mercury teFlurlde layers that can be 
5 used In Infrared devices and the cadmium marcuiy tellurlde stojctui^s so grown. 

Cadmium mercury tellurlde. Hgi-^dxTe, Is well known as a material for use in 
infrared devices, such as detectors, sources, LEDs, negative luminescence 
devices etc.. Cadmium mercury telluride, referred to as CMT (or sometimes 
10 MOT) is a semiconductor alloy, the bandgap of which can be varied by altering 
the composition of the alloy, l.e. the cadmium content x. The band gap may be 
tuned so that CMT can be used for a range of infrared devices covering short 
wave (SW), medium wave (MW), long wave (LW) and very long wave (VLW) 
infrared wavelengths. CMT is the material of choice for many infrared focal plane 
IB array appHcations. Low ieajoge current and high cfarrier mobility result in 

detectors with ejccellent sensitivity. CMT is the best solution for single and mOJli- i 
band systems covering a wide range of wavelengths because it is possible to >^ 
tune the wavelength by seJectIng the appropriate composition and it Is possible to 
design and grow stixjctures where the composition is tuned so that two or more 
20 wavelengths are operational within a single device. 

The general principle for fabricating infrared devices is well established. CMT is 
grown epitaxlally onto a crystalline substrate. Devices are then fomied by Mesa 
etching, Ion implantation or ion beam milling. Metal contacts are then formed and 
25 the devices bonded to a silicon read out circuit. Note that Ciwrr is also grown as 
bulk crystals from which devices are made by Ion Implantation or ion beam milling 
but epitaxial gnowth can b© advantageous over bulk crystal growth. 

Various epitaxial growth methods have been suggested for fabricating CMT. 
30 Metal>ot^Ic vapour phase epitaxy (MOVPE) has been successfully used as a 
technique for reproducible and uniform growth over large areas. US patent 
4,650.539 describee manufacture of CMT using MOVPE. US patent 4,566,91 S Is 
a modification of this technique which grows thin layere of CdTe and HgTe which 



0G-RPR-2004 16'- 07 FROM IP MRLUERN 

r 



TO UK PATENT 



P. 10 



intetxiiffuse to form a uniform CMT stnjcture. US patent 4,950,621 describes a 
MOVPE technique for CMT growth which uses a photooatalylic decomposition of 
the metal-organic compounds. 

5 Other methods fbr growing CMT include molecular beam epitaxy (MBE). infrared 
devices have been formed from CI^T grown on a cadmium zinc telluride {Cdi. 
yZnyTe also known as CZT) substrate by an MBE process. See for example; 
M Zandian, JD Garnett, RE Dewames, M Carmody, JG Pasko, M Farris. CA 
Cabeiil, DE Cooper. G Hlldebrandt. J Chow, J M Arias, K Vural and DNB liaU, J. 
10 Etectfonic Materials 32(7) 803 (2003) "Mid- wavelength Infrared p-on-n Hgi. 

xCdxTe heterostaicture detectors: 30-120 Kelvin stats of the art performance", or 
JD Phillips, DD Edwall and a DL Lee J. Electronic fi/laterials 31(7) 664 (2002) 
"Control of very long wavelength Infrared HgCdTs detector cutnaff wavelength". 

1 5 Infrared imaging applications Increasingly demand large area, two dimensional 
detector arrays for long range detection and Identification. As the physical size of 
these arrays has Increased so the iimitationa of traditional substrate materials and 
growth techniques for CMT have become apparent Cadmium zinc telluride has 
been widely used as a substrate for CMT growth but is only available in small 

20 sizes which limits its usefulness for the production of large arrays. Cadmium 
telluride, which has liltewise been used as a substrate, is also only available In 
small sizes. Further, both CdTe and CZT are extremely fragile and the crystal 
quality Is not particularly good. 

25 Qallium arsenide (GaAs) substrates are available in relatively large sizes. 
However as mentioned the devices are usually bonded to a silicon read-out 
circuit. In operation detectors are often cooled to low temperatures, for example 
around 80K (although different devices work best at different temperatures) to 
reduce thennai noise. At the operating temperatures of the detectors the thermal 

30 mismatch between the silicon read out circuit and GaAs substrate can cause 
delamlnation of the Infrared devices from the circuitry. This effect can be reduced 
by thinning the substrate but thinning processes can be complex, reducing yields 
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and increasing production costs. Thfs problem of thermal mismatch also applies 
to cadmium telluride and CZT substrates. 

Were silicon to be used as a substrate, the substrate would inherently be 
5 tiiermally matched to the read out circuitry, however, to date, It has proved 
extrsmely difficult to produce an-ays of wofi<ing CIMTT devices on a silioon 
substrate. For example, Ihdlvjdual workffig LW detector devfces have been 
produced on silicon substiates with good perfonmano© but arrays of such devices 
contain few good woriting detectors I.e. the operabillty of the array is very poor. 
•10 , 

Silicon has a further advantage as a substrate In that it has a high thermal 
conductivity. This leads to faster cool down to device operating temperatures 
which is especially useful for detectors. It Is also beneficial for effective removal f 
of heal from Infrared sources. 

15 -1 t 

MBE techniques have been applied to growing CMT on silicon, growing buffer ^* 
layers on the silicon prior to CMT growth, for example;- T.J. de Lyon, J.E. Jensen; 

M.D. Gorwitz, C.A. Cockrum, S.M- Johnson and G.M. Venzor. J. Electronic. 
Materials. 28, 705 (1999). MBE growth of GMT on silicon has proved a 
20 challenging task. Firstly, for MBE growth of CMT on any substrate the growth 
temperature must be accurately controlled, requiring reproducible wafer mounting 
techniques and fine substrate temperature control, Secondly, material defects 
have proved difficult to eliminate. These defects do not always have a severe 
effect on medium wavelength infrared device charai^ristics (depending on the 
25 device) but they do detrimentally affect long^(vaveIength devices. Consequently 

growth of CMT on silicon by MBE is a difficult process and has only produced 

acceptable mid-wavelength infrared devices and arrays. 

MOVPE growth of CMT on silicon to produce working devices has also been 
30 problematic. See J Electronic Materials 25(8) (1 996) page 1 347 K Shigenaka. K 
Matsushita, L Sugiura, F Nakata and K Hirahara. M Uchikoshl. M Nagashlma and 
H Wada "Orientation dependence of HgCdTe epitaxial layers grown by MOCVD 
on silicon substrates". 
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page 1353 K Maruyama, H Nishino, T Okamoto, S Murakami. T Salto, Y 
Niahljima, M Uchikoshi, M Nagahima and H Wada "Growth of (1 1 1) HgCdTe on 
(100) SI by MOVPE using metal organic tellurium absorption and annealing", or 
Page 1358 H Ebe, T Okamoto, H NIahino. T Saito and Y Nishijima, M Uclnikoshi, 
5 M Nagashima and H Wada "DireM growtli of CdTe on (100), (21 1), and (1 1 1) Si 
by rnelal organic chemioaf vapour deposition". 

There is thGrefora a desire for a method of growing CMT on a variety of 
substrates, especially silicon. Further it id desired that reproducible, large scale 
10 growth can be achieved and that the properties of the CIVIT can be oonlroHed to 
give wavelength specific performance. It aJso obviously wished tiiat the method 
be part of a viable process of fabricating working infrared devicas. 

It is an object of the Invention to provide a method of manufacture of CMT vrtilch 
15 rneets at least some of these aims. 

Thus acGonaing to the present invention there is provided a method of growing 
cadmium mercury telluride. Hgi.xCd.Te where 0^x51. comprising the steps of 
taking a crystalline substrate, growing at least one buffer layer on said substrate 
20 by molecular beam epitaxy and subsequently growing at least one layer of 
cadmium mercury telluride on said at least one buffer layer by metal-organkj 
vapour phase epitaxy. 

The present Invention therefore is a combination of MBE and MOVPE 
25 techniques. At least one buffer layer is grown on the substrate material by MBE. 
CMT Is then grown on top of the at least one buffer layer using an MOVPE 
technfcjue. The buffer layers can prevent chemical contamination of the CMT 
layers by atoms In the substrate layer, for instance gallium atoms if the substrate 
is gallium araenlde. and can relieve lattice mismatch in the GMT layers. The 
30 MBE process aHows suffldentiy thick, good quality buffer layers to be grown 
which provide a basis for CMT growth. CMT can then be grown on the buffer 
layers by MOVPE in a controlled, reproducible fashion. Further the at least one 
buffer layer can protect the substrate during the subsequent MOVPE processing 
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- some substrates are generally not suitable for MOVPE prttcessing because of 
chemical attack during MOVPE. 

Th© present invention therefore combines both MBE and MOVPE to produce 
5 CMT which can b© used In devices at a wide range of wavelengths wfth good 
qualities. This goes against the conventional thinking In the field which is to seelc 
to use either an all MBE or an aii iWOVPE process. Whilst the method of the 
present invention does require two distinct processing steps, adding to the 
complexity of the method, the present inventors have realised that mixing the two 
10 techniques can provide a fellafale and oont'rbllabiB process that has produced 
excellent devices. 

As used in this specification the tamfi cadmium mercury teiluride means the 
composition Hfl,.«CdxTe where x is controlled to lie between 1 and 0 Inclusive. } 
1 5 When X is 1 the substance is actually cadmium teiluride and when x is o the -v 
material is a£3tually mercury teiluride but both ahull be included witfiln the ternt I 
cadmium mercury teiluride or CMT for the purposes of this specification. 

The substrate could be any suitable crystalline material. The substrate may 
20 conveniently be physically robust and, for iarge area detectors, available in large 
areas. In some applications it is necessary that the substrate in the final device is 
transparent to infrared radiation of the appropriate wavelength although this can 
be achieved by thinning the substrate. Suitable substrate materials include 
cadmium teiluride, zinc teiluride, cadmium zinc teiluride, cadmium zinc selenlde 
25 and cadmium zinc selenlde teiluride (although these are generally not available in 
large sizes), gallium arsenide, silicon, germanium, indium antimonide. Indium 
aluminium antimonide, Indium gallium antimonide, indium phosphide, sapphire, 
alumina or spine! (MgAl204). 

30 Silicon is a preferred substrate in some embodiments as It is inherently thermally 
matched with the read-out drouit. The method of the presem invention allows 
device sbruCftures to be grown on silicon and tuned to operate at any wavelength 
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across the whde range of infrared wavelengths with very good device 
performance. 

Orientation of the substrate is important in ensuring the correct materrai growth. 

s The orientation should aBow correct growth of the buffer layers by MBE and 

ensur?! that the buflfer layers have the correct ori^itation for the growth of CMT by 
MOVPE. The substrate is therefore preferably arranged to be miaaligned from 
the fomi {100} In either the <11 1 > or <1 1 0> directions. Preferably the degree of 
misalignment is between 1= and IQb. Mia-allgning the sulastrate oriar^tation in this 

10 way prevents the build up of defects in the MBB buffer layers. Wheirthe 
substrate is silicon the substrate orientation is preferably (001) mis-aligned 
towards the [1 1 1 1 direction and the degree of mis-aiignment is preferably in the 
range of 1^10= inclusive. Silicon Is generally a more difficult substrate to grow 
on and correct orientation can be important. 

15 

The choice of buffer iayer or layers may depend on the substrate used. The 
buffer layers set the correct orientation for MOVPB growth and prevent chemical 
contamination of the CMT by species In the substrate. Suitable buffer layers 
Include cadmium telluride and zinc teiluride. There may be a single buffer layer, 
20 e.g. a single layer of zinc teliuride or a combination of layers, for instance a layer 
of zinc teliudde may be grown on the substrate with a layer of cadmium teliuride 
grown on top. Cadmium zinc teliuride may also be used as a buffer iayer. 

To grow zinc teliuride either zinc teliuride may be used as the MBE source 
25 material or elemental zinc and tellurium may be used, or a combination of the 
elemental and compound materials. Similarly the cadmium teliuride may be 
grown using elemental cadmium and tellurium or cadmium teliuride or a 
combination. The buffer layers are grown using standard iVIBE growth processes 
which the sidlled person will be aware of. 

30 

After the MBE grxwrth of the buffer layers CMT may be grown on the buffer layers 
by MOVPE. However it may be preferable to clean the surface of the buffer 
layers prior to IWIOVPE growth. Depending on the equipment used it may be 
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necessary to transfer the buffered substrate from an MBE growth appanatus to an 
MOVPE reactor and/or there may be a delay between prooessing steps. If the 
buffered substrate is not kept [n a controlled environment there may b© impurities 
which bufid up on the surface of the top buffer layer. Cleaning will remove at 
6 least some of these impurities. Cleaning may be performed by etching the 

buffered substrate as is wet! understood by one skilled in the art of iVlOVPE or by 
any suitable cleaning processes. If a combined MBE/MOVPE System complete 
with load locl< between the twd parts is in place cleaning is not needed. 

1 0 Prlor to growihg the at least one CIWT layer the method may further comprise the 
step of growing at least one further buffer layer by MOVPE. This MOVPE buffer 
layer may be the same as or different to a buffer layer material grown by MBE, 
As mentioned above MBE gives a good controllable way of growing suitable j 
buffer layers on silicon with the correct orientation for MOVPE growth. In order to 

1 5 further improve conditions for MOVPE growth of CMT however it may be useful tp 
lay down a buffer layer by MOVPE. For Instance when the MBE buffer layer u 
comprises a top (ayer of cadmium telluride grown on a base layer zfnc telluride on 
the substrate the method may comprise the step of growing a further cadmium 
telluride layer by MOVPE on top of the MBE CdTe layer* 

20 

Growing a further buffer layer by MOVPE can increase the buffer layer thickness 
which can be benefidal In some embodiments and MOVPE is a faster growth 
method than MBE. The MOVPE buffer layers can improve the crystal quality. 
Further MOVPE buffer layers are also useful in Isolating the CMT from the 
25 suriBGD which has been exposed to the atmosphere. I.e. laying down an MOVPE 
buffer layer can cover over any slight surface impurities due to oxidation etc of 
the MBE buffer layer and any residue of the cleaning process, if performed. 

Growth of the CMT layer is by standard MOVPE techniques whereby the 
30 concentration of the precursors entering the reactor are oontro[led by their vapour 
pressure and the gas flow (conveniently hydrogen) through the bubblei^ 
containing the precursors possibly with further dilution by an additional dean gas 
(Hs) flow. In this way Hgi-^CdxTe can be grown with a controlled value of x so as 
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to give desired device characteristics. Conveniently the MOVPE process uses 
the interdiffused multi-layer process of CMT growth as described in US4.566,918, 
1.6. the step of growing CMT comprises sequentially growing thin layers of CdTS 
and HgTe which interdiffuse during growth to give a single layer of CMT. the 
5 relative thicknesses of the CdTe and HgTe layers determining the cadmium 
content x. 

The organometallic precursors used are any suitable volatile tellurium and 
■ cadmium compounds such as an alkyl of cadmium and of tellurium. In one 
10 embodiment the tellurium precursor is di-fee^propyltelluride and the oadmium 
precursor is dimefliylcadmlum. 

The CMT layer may be doped with a suitable dopant which may be n-iype or p- 
type. Suitable dopants include Iodine, arsenic. Indium and antimony although 
15 other dopants could be used. Suitable precursors Include rifO-buiyllodide and 
?»'/s(dBmathylamino)arsenic. 

Generally the method will comprise growing more than one layer of CMT 
accoixling to the requirements of the intended device. Different layers may have 
20 different thicknesses, compositions (x In Hgi.«Cd,Te), and/or different dopants 
and dopant concentration. 

The present invention as mentioned therefore provides a reproducible and 
effective method of growing controlled cadmium mercury telluride layers which 

25 can be used in the production of a wide range of infrared devices. The fabricated 
laye.^ can be mesa etched, ion beam milled or ion implanted to form devices as 
is known in the art. The method may include growing one or more capping or 
cor»tacting layers by MOVPE prior to device formation as would be understood by 
one skilled in the art. Capping layers may be required if this technique was used 

30 for Ion milled or ion Implanted devices without mesa formation. 

Where mesa devices are formed it is preferable that the devices are coated with 
A passivation layer as win be understood by one skilled in the art. The side wails 
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of th© mesa are preferably coated with one or more passivating layers to ensure 
electrical stability of ih& device and prevent loss of mercury from the materia]. 
Preferably therefore the method Includes the step, after device processing, of 
coaling the devices with at least one passivating layer. The passivating layer 
6 may oonvenfently be a layer of cadmium tellurlde. Conveniently the passivating 
layer is an epitaxial layer grown by IMOVPE. 

For the purposes of this apedflcatton the term device processing may include any 
Stepe applied to the CIVIT material after the Initial CMT gixswth. I.e. any 
Id " Interruption to the step of growirifl CI«T B:^ l«OVPE. In particular stiaps such as 
etching which leave a non-planar CMT surface. 

The use of h/IOVPE for growing passivation layers is another novel aspect of the * 
Invention. Conventional passivation layers are evaporated layers applied for i 
15 Instance by MBE or more udually in an evaporator. ^ 

The use of MOVPE hr device passivation can be advantageous in several 
regards. First dry etching of mesa devices can result in devices with steep Side 
walls and MBE techniques can increasingly fail to cover the side wafis because 
20 the beams of material are parallel to the side walls rather than perpendicular. 
The. MOVPE process, based on gases which are easily able to penetrate the 
channels between the mesas p is much better at coating such devices. 

Further passivation layers such as cadmium tellurlde grown by MOVPE are 
25 epitaxial with the CMT layers and crystalline, whereas MBE and evaporated 
CdTe is pdly-crystaillne. 

In fact the abHity to grow further eprtaxial layers after device processing is a 
further novel aspect of the invention. This allows for the gn^wlh of further CMT 
30 layers after device processing. Therefore the method may advantageously 

comprise the step, after device processing, of growing further epftaxial layers of 
CMT by MOVPE. The present method therefore allows CMT samples to be 
removed from the MOVPE reactor, put through device processing stages. 
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replaced into the MOVPE reactor antj have further CMT layers grown thereon. 
Depending on the processing and handling of the samples cleaning may be 
required after the devioe processing s^gee. 

5 The fabricated devices can then have contacts provided and tKwided to a read- 
out ciTCUlt. Where siiicon is used as a substrate this results In a device having a 
thermaHy matched and IR transparent substrate without the need for thinning 
processes. Furthermore the present Invention provides a means for producing 
infrsired devices- on a silicon substrate that work at long wave (>a y m) inf rated- 

10 wavelengths. 

Ths devices enabled by the present invention include Short wave detectors and 
sources, iWedium wave detectors and sources, Long wave detectors and sources 
and Very longwave detectors and sources, Dual band. Multi-band, hyperapectral 
15 and avalanche devices can be produced using CMT grown by the present 
Invention. Negative luminescence devices can be fabricated as can LEDs and 
single photon sources and the devices can be used in a range of technology from 
focal plane array infrared detectors to gas sensors. Transistors can also be 
fabricated using the method of the present invention. 

20 

It will be apparent that the Invention Involves use of two distinct processes. MBE 
for production of the buffer layers on the substrate, and MOVPC for growth of any 
additional buffer layers, CMT layers and passivating layers. These two 
processes may be performed in different pieces of apparatus at different times 
25 although as mentioned a buffered substrate not kept In a protected environment 
prior to MOVPE may need cleaning. 

Therefore in a second aspect of the invention there is provided a method of 
producing a buffered substrate suitable for growth of at least one layer of 
30 cadmium mercury telluride by metal organic vapour phase epltaiiy the method 
comprising the steps of taking a crystalline substrate and growing at least one 
buffer layer by molecular beam epitaxy. The second aspect of the invention 
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therefore provides a suitable buffered substrate that can be used in the controlled 
growth of CMT by MOVPE. All of the embodiments of tlie first aspect of the 
invention wrtli respect to ihe growing of the MBE buffer layers are applicable to 
the second aspect Of tlie invention. In particular, preferably the substrate is mis- 
6 aligned from the {1 00} form towards <1 1 1 > or <1 1 0>. Preferably the substrate is 
silicon and ihe orientation ^s preferably (001) mis-aligned from 1^ to 10* to <1 1 1>; 

In a third asp&A of the invention tliere is provided a method of manufacture of 
cadmium mercury telluride comprising the steps of talting a buffered substrata 
"10 comprising on© or more buffer layera grown oh a crystalline substrate by 
molecular beam epltai«y and growing at least one layer of cadmium mercury 
telluride by metal organic vapour phase epitaxy. Thus the third aspect of the 
Invention takes a buffered substrate, such as may be produced by a first aspect * 
of tlie invention, and grows at least one layer of CMT as required for a particular ' 
15 device. Ail the embodiments described above with respect to the first aspect of ' 
Ihe invention concerning growth of the CMT layers, possible cieanirsg of the ^ 
buffered substrate and possible growth of further buffer layers by MOVPE are 
applicable to the third aspect of the invention. 

20 Because the present invention enables production of CMT for use in infrared 
devices, e,g. detectors or sources, across the whole range of infrared 
wavelengths and also enables use of previously difficult substrate materfals the 
present Invention allows novel devices to be produced. 

25 Therefore in a further aspect of the invention there is provided an infrared device 
comprising a substrate, at least one buffer layer on the substrate and at least one 
layer of cadmium mercury telluride on the at least one buffer layer wherein the 
substrate orientation Is {1 00} mis-aligned by 1^ - 10- inclusive to <1 10> or <1 11>. 
In this context the term device refers to a material an-angement which is capable 

30 of being used as an infrared device when connected to suitable circuitry, for 
example a detector element En a focal plane array - I.e. it would function as a 
detector element when formed with appropriate contacts etc. The novel device of 
the preserrt InventitMi is preferably produced by the method of the present 
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Invention and so all of the advantages and embodiments of the methods 
mentioned above are applicable. In particular the substrate may be silicon and 
have an orientation (001) mis-aligned by 1= - 1 0^ inclusive to [1 1 1] and the at 
feast one buffer layer may comprise one or more layer chosen from zinc tdlurids. 
5 oadmlum tellurlde and cadmium zinc tellurlde. 

In anoaier aspect of the Invention there is provided an Infrared device comprising 
a substrate, at least one buffer layer f omied on the substrate and at least one 
layer of csadmlum mercury tellurlde formed on the at least one buffer layer 

10 wherein the at least one layer of cadmium merouryielluride is tuned to be active 
at [ong wave Infrared wavelength radiation and wherein the substrate is silicon. 
As used above the term aotlve shall be taken to mean that the CMT is tuned to 
either detect or to emit long wavelength Infrared radiation. As mentioned above 
fabrication of an array of working long wavelength Infrared CMT detectors on 

15 siltoon has previously not been possible. In the coritext of this specification. the 
. i term long wave infrared shall be taken to mean a out off wavelength of greater 
than 8tjm. The present invention has also allowed production of long wavelength 
infrared luminesoent sources on silicon with excellent performance. 



As mentioned above the epitaxial growth of furtharCMT layers on CMT after 
device processing is another novel aspect of the invention. Therefore in another 
aspect of the invention there Is provided a method of growing at least one 
crystalline layer of Hgv^GdxTe where 0 < x < 1 comprising the step of taking a 
substrate having at least one mesa device formed in at least one layer of 
cadmium mercury tellurlde and growing said at least one layer of Hgi.«pdxTe by 
MOVPE. 
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The Invention will now be described byway of example only with reference to the 
following drawings of which; 

Figure 1 shows a typical infrared detector arrangement according to the present 
5 invention, 

Rgure 2 shows a generic MBE apparatus that illustrates the principles of IVlBE. 

Figure 3 shows a generic MOVPE apparatus that Illustrates the principles of 
10 MOVPE, - 

Figure 4 shows a reslatsmce-area and current-voltage plot at 80K for a device as 
Bhown in figure 1 fabricated using the method of the present invention, 

1 5 Rgure 5 shows a plot of RgA as a function of temperature for two diodes at S 
opposite sides of a 1 28ki 28 array fabricated using the method of the present # 
invention, and 5, 

Rgure 6 shows an Infrared image from a 128 x 128 long wave ClwiT array on 
£0 silioon 

Referring to figure 1 a typical Infrared diode fabricated according to the method of 
the present invention is ahown. The device comprises a aiiioon substrate 102 
having two buffer layers 104, 106. Buffer layer 104 is a thin layer of zinc telluride 
25 and buffer layer 1 0S a thicl<er layer of cadmium telluride although other buffer 
layers could be used as wiil be described. 

The device then has three different CMT layers 108, 11 0. 1 1 2. CMT layer 108 is 
a p"^ doped contact layer. Layer 11 0 is an n" doped absorbing layer and 
30 uppermost CMT iayer 11 2 is an n* contact layer. Fonned on uppermost CMT 
layer 1 12 is a metal contact 1 14 and an indium bump 116 for bump bonding to 
some read out circuitry. A passivation iayer of cadmium telluride 118 is provided 
over the area of the top CMT layer 1 12 which is not covered by the metal contact 
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114. The device therefore exhibits an n-on-p diode structure as will be 
understood by one skilled In the art. Alternatively a p-on-n structure could be 
produced by simply reversing the order of layers 108, 110 and 1 12. 

5 The device shown in figure 1 may be fabricated using the novel method of the 
present invention as will be described. First a silicon wafer of the required size is 
taken and prepared. Silicon Is a preferred substrate material as ft is transparent 
to Infrared radiation, available in large wafers, of high thermal conductivity, robust 
and, being silicon, is thermally matched to the nead-out circuit. Hence the use of 

10 " sifiGon substrrite'eliminabs stresses caused by thermal mis-match when the 
devices are cooled to the operating tempenalure (e.g. around 80K). However 
other substrate materials could be used such as cadmium telluride, zinctelluride, 
cadmium zinc telluride. cadmium zinc setenids. CdSeTe. CdZnSeTe and similar, 
gallium arsenide, gennanium. indium anfimonide, indium aluminium antimonlde. 

1S indium gallium antimonide. indium phosphide, sapphire, alumina or spinel, j 

The silicon wafer is cut so that the orientation is (001) mis-aligned by 1= to 10= 
towards [111]. CMT grown on buffer layers on silicon at the {100} orientation has 
a tendency to form domains and hillock defects. However the present irwentors 
20 have found that a mis-orientation from (001) of a few degrees towards [1 1 1] can 
eliminate the domains and therefore reduce defects. 

The silicon substrate Is then etched in hydrofluoric acld/ethanol to leave a 
hydrogen tennlnated surface and blown dry with inert gas. Etching may also be 
25 carried out using the REOX process. The substrate is then ready to be loaded 
Into the MBE chamber. 

MBE Is a process which takes place in ultra high vacuum. Referring to figure 2. 
the liquid nitrogen 202 shroud assists with maintaining the vacuum. The source 
30 materials are contained in cmcibles inside effusion cells (±04) wrthin the machine. 
The effusion cells (fi04) are positioned so that the open ends of the crucibles 
point at a heated substrate (206). Material is transferred from the crucible to the 
heated substrate when a shutter (208) over the end of the crucible Is removed. 
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The annount of material which is transferred to the substrate is dependent upon 
the temperature of the crucible, the higher the temperature the higher the vapour 
pressure of the material and hence the more material Is transferred. The heating 
coils 210 control heating of the crucibles. Because the system is under vacuum, 
6 even low vapour pressure materials evaporate If heated sufficiently and can be 
transferred to the substrate. Again because the system is under vacuum, beams 
of material are transferred from the effusion cells to the sample without 
interference from ambient gas. The effusion ceils are normally held at an idling 
temperatare where they are kept warm but not hot enougli to evaporate material. 
1 0 Before growth la starteid the cells are warmed to their growth temperature so ttiat 
sufficient material can evaporate from the crucible to grow the desired layer. 

The etched silicon substrates 206 are loaded into the MBE Icit via a load lock. The 
substrate Is clipped onto a holder 212 which is heated and also rotates. Rotation', 
1 5 assl^ with the unlfomnlty of the grown layers. The temperature of the substrate f ' 
during growth is beiow that at whidh the deposited materiai re-evaporaies, bat Is fe 
sufflcientiy hot to allow the atoms to move around on the surface and form 
crystalline maleiial, 

20 The etched substrate is cleaned at temperature under an arsenic fiux. The 

arsenic flux is initiated by removing the shutter from the front of the arsenic ceil 
and terminated by replacing the shutter. The temperature is lowered to the 
growth temperature and zinc teliuride growth initiated by removing the shutters 
from in front of the zinc telluride, zinc and tellurium cells as necessary depending 

25 on which sources are to be used for the growth. Once the required thickness of 
zinc telluride has been grown, the shutters are replaced. Likewise the cadmium 
teiluride is grown by removing the shuHers from in front of the cadmium telluride, 
, cadmium and tellurium cells as necessary. Again at the end of CdTe gmwth the 
shutters are replaced. Once growth is completed, the cells are cooled to the Idle 

30 temperature and the substiate is cooled and unloaded from the machine. 

A thin buffer layer of ZnTe Is grown on the silicon substrate by MBE to set the 
substrate orientation to (001) and to improve adhesion of the CdTe buffer layer 
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Which is then subsequently grown. CdTe grown directiy on silicon by MBE is 
more prone to flalcing from the substrate. However for some substrates adhesion 
is not a problem and a single or base layer of CdTe could be used (e.g. on GeAs 
substrates). Also for some devices a single layer of ZnTe suffices without an 
additional CdTe layer. The buffer layers preferably have a total thickness of 
around Spm as crystal quality can increase with thickness to about 8pm. 
However lABE is a relatively slow process and so a thickness less than 8pm may 
be acceptalMe. 

Pah of ihe growth process may be carrfed out uslng migration enhanced epita^ 
(MEE) and for the purposes of this specification references to MBE include 
references to MEE. 

The CdTe^SnTe/Si is then transferred to the MOVPE reactor with any 
etching/cleaning steps as necessaor being perfomr»ed. To produce the device 
shown in figure 1 three CRAT layers are grown, each layer being grown by the 
interdlffused multi-layer process described in US patent 4.566.91S. Whilst MBE 
apparatus and MOVPE apparaUis are often sepaiate pieces of equipment there 
is no reason why they could not be combined in a single unit with a load lock or 
transfer mechanism between the two. a partlcuiar piece of kit could not be 
arranged with MBE and IVtOVPE chambers and a load lock or transfer 
mechanism between the two. 

Figure 3 illustrates the principles of MOVPE growth and shows an apparatus 
suitable for MOVPE growth although the actual apparatus used may vary. As 
described more fully in US4,56S,91S a supply of hydrogen Is supplied via mass 
flow controllers 3. 4 and 23 from manifold 1 to bubblers 6. 7 and 25. With valve 8 
closed and valves 1 0 and 1 1 open gas flows through bubbler 6 whereas with 
valves 1 0 and 1 1 closed and valve S open the hydrogen flow from mass flow 
controller 2 Is directed via bypass line 1 4 to a sombber or filter 31 . Similarly 
bubbler 7 can be oontroUed by valves 9, 1 2 and 1 3 and bubbler 25 controlled by 
valves 26. 27 and 28. Only three bubblers are shown in Figure 3 for simplicity 
although more bubblers may be needed in practice. Thus the flow through each 
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bubbler can be controlled. The flow from bubblers 6, 7 and 25 may be mixed fn . 
mixer 1 5 where it may be diluted with gas flow from controller 5 (controlled by 
valves 32, 33) before enlertng reactor vessel 16 although in other arrangements it 
may be preferred to supply the precursors separately to the reactor vessel and 
5 mix them in the reactor* 

The buffered substrate 20 is located in the reactor vessel IB on susceptorSI, A 
bath of elemental mercury 19 is heated by heating element 17 via reactor wall 24 
or any suitable heating means, such as Internal canridge heaters located under 
10 the mercury bath, and maintains a partial pressure of mercury vapour. The ^ > 
buffered substrate is heated by Induction heater 18 or heated by any other 
suitable means so that the metal-organEc precursors in the gas streams from the 
bubblers 6, 7 and 25 decompose in the vicinity of the substrate, 

16 Bubbler 6 contains a preoursor of cadmium s^ch as dlmethylcadmium and 

bubbler 7 contair^s a precursor of tellurium such as di-/sa-propylteilurtde. The gas 
flow from bubblers 6 and 7 to the reactor chamber is controlled sequentially by : 
appropriate control of the valves to grow thin layers of mercury telluride and 
cadmium telluride, the thickness of the layers being controlled to control the 
20 overall cadmium content of the final CMT layer which Is formed by Interdiffuslon 
of the layers during the growth process. 

To produce the first p* CMT layer a p-type dopant Should be Intmduced. A 
suitable p-type dopant is arsenic although other dopants could be considered 
such as phosphorus and antimony. Therefore the dopant bubbler 25 contains a 
suitable precursor such as f/7s(dimethyJ)aminoarseniG (other volatile arsenic 
components could be used) and the bubbler temperature and gas flow through 
this bubbler is controlled to give the appropriate doping. After the first OMX layer 
has been grown the other CIVIT layers can be grown in sequence. A suitable n- 
type dopant for the n-type layers Is iodine with say feo-butyliodlde as the 
. precursor although other precursors could be used and indeed other dopants 
such as indium could be used. As mentioned where different dopants are used 
the WIOVPE apparatus would have a plurality of dopant bubblers which could be 
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separately controlled tether than the single dopant bubbler shown in figure 3. 
Similarly If any MOVPE buffer layers are to be grown the apparatus may contain 
bubblers holding precursors for the buffer layer oonatltuants. 

Following growth of the CMT layers by MOVPE it is preferable to annsal the 
material in a mercuty tich environment - this fills the mercury vacancies and 
ensures the desired electrical properties. The annealing may be carried out in a 
MOVPE reaxAbf and may be performed directly after growth of the CMT layers or 
it may be performed later using any suitable apparatus, 



Some two-dimensional arrays of 128x128 detectors on a 55pm pitch were 
fabricated from CMT material grown as described above and tuned to long wave 
Infrared wavelength operation, individual diodes were formed by wet etching 
mesas using hydrobromlc acid. A thin crystalline CdTe passivation layer was 
15 deposited by MOVPE. 

Dry etching can also be used; dry etched mesas have much deeper and narrower 
trenches between the mesas and the use of the gas phase MOVPE process is a 
considerable advajitage in passivation as the gas can more easily penetrate the 

go narrow trenches. The use of MOVPE for growth of the passivaKon layer also 
results in a more robust crystalline CdTe layer unlike the polycrystalilne layers 
formed using conventional MBE passivation layers. Windows were etched In the 
passivation before metal contact and Indium bump deposition - figure 1 refers. 
One array was flip chip bonded to a silicon ieadout chip to measure device 

25 characteristics and another to a readout chip to realise an imaging array of 
detectors. . 

The cadmium composition (x in Hgi.^d.Te) of the absorbing layer was set to 
Gonespond to a 1 0.2pm cut-off wavelength where out off is defined as 50% Of the 
30 maximum response. The diode characteristics were measured as a function of 
temperature in a cryostat with effectively zero field of view (FOV). The 80K 
current-voltage (l-V) and resistance-area product (R.A) of one of the diodes In the 
array is shown in figure 3. The R.A at zero voltage RoA and FW«A are high for a 
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device with this cut-off wavelength (-1 O^Ohm-cm^ and ~10*Ohm-cm^ 
respectively). The breakdown characteristics are also excellent, with the HJ< 
value above 10^0hm-om^ at IV reverse bias. 

5 A plot of RoA as a function of temperature for two diodes located at opposite ends 
of the array is shown in Rg 4. The expected diffusion and generation- 
recombination (G-R) limited RoA curves for these devices are also shown. The 
RoA values from both diodes are similar for temperatures down to 60K Indicating 
that the GMT composition, doping profiles, passivation and fabrication are 
- to uniform aeroas the-array^ — .. — . 

The image from the array bonded to the readout circuit (figure 6) is comprised of 
99.7% working detectors. This is the highest reported operabitity for a long wave 
GMT array grown on a silicon substrate. i 

15 ;• ■ . . -.■ 

Although In the example given above there was only one growth step of CMT by. 
MOVPE followed by device processing and then MOVPE growth of a passivation 
layer this later gixjwth step could Include growth of further epitaxial, crystalline - 
CMT layers. This allows the formation of complex devices and structures that - 
20 were previously unachievable. The further CMT layers could then fc» subjected 
to further device processing steps as required with further re-growth of CMT or 
passivation layers, 
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Claims 

1 . A method of growing cadmium mercury telluride. Hgi-xCdxTe where x iS 
0<p<<1 , comprising the steps of; 

a) taking a cryetalline substrate, 

b> growing at feast one buffer layer on said substrate by molecular beam 
epitaxy, and 

c) growing at least one layer of cadmium mercury telluride on said at least 
one buffer layer by metal-organto vapour phase epilaxy. 

2. A method as claimed in claim 1 wherein the substrate is chosen from the 
1 s group consisting of cadmium telluride, zinc tellu ride, cadmium zinc 

teiluride, gallium arsenide, silicon, germanium. Indium anamonlde, indium 
aluminium antimonide, indium gallium antlmonlde, indium phosphide, 
sapphire, cadmium zinc selenide. cadmium zinc eelenide telluride. alumina 
or spinel. 
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3. A method as claimed in claim 2 wherein the substrate is silicon. 



4. A method as claimed In any preceding claim wherein the step of taking a 
crystalline substrate includes arranging said substrate to be mis-aligned 

26 from the form {l 00} in either the <1 1 1 > or <1 1 0> dlrecHons. 

5. A method as claimed in claim 4 wherein the degree of mis-allgnment of the 
substrate is between 1^ and 10^. 

30 A method as claimed in any preceding claim wherein the substrate is 

silicon and wherein said silicon substrate orientation is (001 ) mis-aligned 
towards the [1 1 1] direction 
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7. A method as claimed in any previous claim wherein the step of growing at 
least one buffer layer by molecular beam epitaxy comprises the step of 
growing one or more layers chosen from zinc telluride. cadmium telluride 

5 and cadmium zinc telluride. 

8. A method as claimed in any preceding claim wherein the step of growing 
at least one buffer layer by molecular beam epitaxy comprises the step of 
growing a layer of zinc telluride on the substrate and growing a layer of 

10 cadmium telluride on said zino telluride layer. 

9. A method as claimed in any preceding claim further comprising the step, 
prior to the step of growing the at least one layer of cadmium mercury 
teJIu ride, of cleaning the surface of the uppermost buffer layer grown by 

15 molecular beam eplta»g/. . , 

10. A merthod as dafmed In any preceding claims wherein the method further . 
comprises the step, after growing at least one buffer layer by molecular 
beam epitaxy, of growing at least one buffer layer by metal organic vapour 

20 phase epitaxy. 

11. A method as claimed in claim 1 0 wherein at least one buffer layer grown 
by metal organic vapour phase epitaxy stSfp is the same as a buffer layer 
grown by molecular beam epitaxy. 

25 

12. A method as claimed in Claim 1 1 wherein the step of growing at least one 
buffer layer by molecular beam epitaxy comprises growing a top layer of 
cadmium telluride on a base layer zfnc telluride on the substrate the step 
of growing at least one further buffer layer comprises growing a further 

30 cadmium telluride layer by metal organic vapour phase epitaxy. 

13. A method as claimed in any preceding claim wherein the step of growing 
the at least one cadmium mercury telluride layer comprises sequentially 
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growing thin layers of CdTe and HgTe which interdtffuse during growth to 
give a single layer of CMT. the relative thicknesses of the CdTe and HgTe 
layers determining the cadmium content x. 

5 14. A method as claimed in any preceding claim wherein dl-feDi>ropyltelluride 
is the tellurium precuraor and dimethylcadmium Is the cadmium precursor 
In the step of growing the at least one cadmium mercury tellurlde layer by 
MOVPE. 

10 -15.- A method -as-Claimed in any preceding claim wherein the step of growing 
the at least one cadmium mercury telluride layer involves doping at least 
one of the cadmium mercujy telluride layers with a dopant. 

16. A method according to claim 1 5 wherein the dopant is chosen from Iodine. 
15 areenic, Indium, phosphorous and arrtlmony. » 

17. A method according to any preceding claim wherein the step of growing at 
least one cadmium mercury telluride, layer comprises the step of growing a 
plurality of layers of cadmium mercury telluride, at least some of the layers 

20 having a different thickness, composition, dopant and/or dopant 

conceniieijon. 

18: A method according to any preceding Claim wherein the method further 
comprises the step of device pnocesslng. 

25 

19. A method according to claim 1 8 wherein the method comprises the step, 
after the device processing step, of coating the devices with at least one 
pasalvatlng layer. 

30 20. A method according to claim 19 wherein the at least one passlvating layer 
comprises cadmium telluride. 
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21 . A methodi according to claim 1 9 or claim 20 wherein the step of coaling the 
device with a passivaiing layer comprises growing at least one epitaxial 
layer grown by metal organic vapour phase epitaxy. 



5, 22. A method according to claim 1 8 wherein the method involves the step, 
after the device processing step, of growing further epitaxial layers of 
cadmium mercury teilurlde by metal organic vapour phase epitaxy. 

23. A method producing a buffered substrate suitable for growth of at least one 
. 10 . . , layer of cadmium mercury teliuride by metal organic vapour phase ©pitajcy 

the method comprising the steps of talcing a crystalline substrate and 
growing at least one buffer layer by molecular beam epitaxy. 

24. A method as claimed in claim 23 wherein the substrate is mis-altgnad from 
15 the {100} form towards -^1 lis. or <iio>. 

25. A method as claimed in claim 23 or claim 24 wherein the substrate ie 
siFicon: 

20 26. A method as claimed in claim 25 wherein the orientation of the silicon 
sulsstrate is (001) mis-aligned from 1^ to 1 0= to [1 1 1 ]. 



27. A metfiod of manufacture of cadmium mercury teliuride comprising the 
steps of talcing a buffered substrate comprising one or more buffer layers 
grown on a crystalline dubstrate by molecular beam epitaxy and growing at 
least one layer of cadmium mercury teliuride by metal onganic vapour 
phase epitaxy. 



28. A method ae claimed In claim 27 wherein the buffered substrate is a 
30 buffered substrate produced by the method of any of claims 23 to 26. 

29. An infrared device comprising a substrate, at least one buffer layer on the 
substrate and at least one layer of cadmium mercury teliuride on the at 
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(east on© buffer layer wherein the substrate orientation i& {100} mis-aEigned 
by 1 = - 1 0= inclusive to <1 1 0> or <11 1 >. 

30. An infrared device as claimed In claim 29 wherein the substrate is silicon 
has an orientation (001) mis-aligned by 1« * 10« inclusive to [111]. 

31 . An infrared device as claimed in claim ^9 or claim 30 wherein Ih© at least 
on© buffer layer comprises one or more layer chosen from zinc tslluride. 
cadmium tslluride and cadmium zinc telluride. 



32. An infrared device comprising a substrate, at least one buffer layer formed 
on the substrate and at least one layer of cadmium mercuiy iellurlde 
formed on the at least on© buffer layer wherein the at least one layer of 
cadmium meroury tellurids is tuned to be active at long wave Infrared 

1 5 wavelength radiation and wherein the substrate is silicon. 

33. An infrared device as claimed In any of claims 29 to 32 wherein the device 
is a detector. 

20 34. An infrared device as claimed in any of daJms 29 to 32 wherein the device 
is an infrared source. 

35. A method of growing at least one crystalline layer of Hgi-xCd^Te where 0 ^ 
X ^ 1 comprising the step of taking a substrate having at least ore mesa 
25 device formed in at least one layer Of cadmium mercury tellurld© and 

growing said at least one layer of Hgi-xCd^Te by metal organic vapour 
phase epitaxy. 
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ABSTRACT 

Maniifacftu re of Cadmium Mercury Tellurlde 

5 A method of manufacture of cadmium mercury telluride (CUT) is disclosed. Til© 
metliod Involves growing one or more buffer layers on a substrate by molecular 
beam epitaxy (MBE). Subsequently at least one layer of cadmium mercury 
telluride, Hgi-xCdxTe where x 15 between 0 and 1 Inclusive, is grown by metal 
organic vapour phase epitaxy (IWOVPE) The use of MBE to grow buffer layers 

1 0 allows a range of substrates to be used for GMT growth. The MBE buffer layers 
provide the correct orientation for later MOVPE growth of CMT and also prevent 
chemical contamination of the GMT and attacic of the substrate during MOVPE. 
The method also allows for device processing of the CMT layers to be perlbmiedr 
wilh further MOVPE growth of crystalline CMT layers and/or passivation layers. 

IS I 

The invention also relates to new devices formed by the method. 
Figure -1 should accompany the abstract. 
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